Growing evidence suggests that early life investments in health are associated with improved human capital and economic outcomes. Various recent global studies have simulated the expected economic returns from alternative packages of interventions in reproductive, maternal, newborn and child health (RMNCH). However, very little is known about the comparability of estimates of the economic returns of RMNCH interventions across studies in low and middle income countries. Our study aims to fill this gap. We performed a comprehensive scoping review of the recent literature (2000-2013) on the economic returns (i.e. benefit-cost ratios) of RMNCH-related interventions, conducted in low and middle income countries. A total of 36 studies were identified. They were read in full and information was abstracted on both the estimates of benefit-cost ratios, the methodological approach and assumptions used. The estimated economic returns fluctuated considerably across settings as the associated costs of disease patterns, social behaviours and health systems varied. Yet, greater sources of variation stemmed from differences in methodology. The observed methodological inconsistencies limit the accuracy and comparability of the estimated returns across various contexts. The reviewed studies suggest that the benefit-cost ratios are favourable in the majority of cases, providing further support to a growing body of economic literature that suggests investments early in life, such as those interventions related to RMNCH, are good investments. Beyond advocacy purposes, for the reviewed literature to be used by policymakers to inform their decisions on investments, a consistent methodological approach should be adopted.
Introduction
It is increasingly being recognised that early childhood interventions can be one of the most effective policies to break the intergenerational cycle of poverty (Camacho 2008; Jack and Lewis 2009) . A growing body of evidence details the benefits of early life health investments (Adair et al. 2008; Bleakley 2010; Currie and Vogl 2013, Knudsen 2004; Shonkoff and Phillips 2000; Grantham-McGregor et al. 2007) , with established relations to future schooling, employment and earnings. Yet, notwithstanding substantial reductions in maternal and child deaths achieved worldwide in the last two decades, rates of reduction are insufficient to achieve the Millennium Development Goals (MDGs) 4 and 5 by 2015 (Stenberg et al. 2014) and equity issues remain a concern (UN 2015). Concurrently, investment decisions are becoming increasingly complicated given the global economic downturn following the 2007-08 financial crisis and the growing pressures on foreign aid budgets (ADB 2012) . While the need is obviously present, competing demands for resources could lead to a prioritization of investments into other areas such as education and infrastructure. It is, therefore, pertinent to ask what would be the return from a dollar of investment in reproductive, maternal, newborn and child health (RMNCH) if the wide array of benefits of early life health could be quantified and compared against the costs.
Various studies have assessed the broad costs and health impact of RMNCH (Carrera et al. 2012; Jimenez Soto et al. 2012) , while others have estimated the economic returns from basic packages (Stenberg et al. 2014) or individual interventions (Baird et al. 2012; Sharieff et al. 2006; Jeuland and Whittington 2009; Kohler 2012; Rajkumar et al. 2012 ) . However to date, no review of the evidencebase on economic returns across the spectrum of RMNCH interventions is currently available. Estimates of the returns vary across different contexts and interventions (Alkire et al. 2012; Behrman et al. 2004; Horton et al. 2009; Rajkumar et al. 2012) , and substantial gaps still exist as to why this is the case. This paper, therefore, aims to provide an overview of the literature on economic returns from investments in RMNCH in low and middle income countries. The review draws exclusively from the literature on cost-benefit analysis (CBA) of RMNCH related interventions.
CBA is one of the economic evaluation techniques available in the literature, which also include cost effectiveness analysis (CEA). We focus on the CBA literature rather than CEA for two main reasons. First, in the last decade several studies have already examined the cost-effectiveness of RMNCH interventions across the globe (Bhutta et al. 2013a,b; Darmstadt et al. 2005) . Second, as a tool to allocate resources, CBA provides more transparent guidelines to policymakers. Unlike CEA, which has applications only in health, CBA is more generally applicable, allowing a comparative assessment of investments across diverse sectors such as health, agriculture and infrastructure.
CBA aims at systematically identifying, measuring and comparing the benefits and costs of an investment project, program or policy intervention (Campbell and Brown 2003) . In general, costs and benefits should be measured from the perspective of both the direct stakeholders (i.e. the referent groups who directly benefit from the intervention, such as vulnerable women and children) and the society as a whole. A detailed explanation of which costs and benefits to include and the associated pricing rules for CBA are provided elsewhere (Campbell and Brown 2003; Drummond et al. 2015) . However, we should note here that CBA uses monetary units to measure both costs and benefits. This provides policy-makers with a means to quantify the economic returns of proposed policies and interventions, and objectively assess whether they provide 'good value for money'. One of the most commonly used measures of economic returns is the benefit-cost ratio (BCR), which can be interpreted as the economic benefit for each dollar invested. For example, a BCR of 2 will imply that the proposed intervention will deliver $2 in benefits for every $1 invested.
We aim at providing a snapshot of the magnitude of BCRs that can be expected from various RMNCH interventions and highlight the methodological challenges faced by researchers. For these purposes we have undertaken a comprehensive scoping review of the CBA literature on RMNCH. We collate the available BCRs from various studies related to CBA, with a view to conduct a preliminary investigation into how far these BCRs can guide policymakers in making informed decisions.
Methods
This scoping review has two objectives: first, to provide an overview of the range of the economic returns of RMNCH interventions in low and middle income countries. Second, with a view of assessing the comparability of their estimates, the review also examines the methodological issues underlying the various studies. We define the scope of our review as follows: first, we review only studies that have quantified the economic returns from RMNCH investments, that is, studies that undertook a cost-benefit analysis of RMNCH interventions. Our focus is thus on studies that compare the costs and benefits (health and non-health) of RMNCH investments as measured by monetary units. Second, we only include studies conducted in low and middle income countries since 2000. Third, we do not attempt to review the economic returns to investing in the control/eradication of diseases, such as HIV/AIDS or Malaria. We do, however, include studies on such themes to the extent to which the economic returns of providing care to women and children are measured. Fourth, we include studies that provide information on both their estimates of economic returns and the methodological approach used. Fifth, our search was limited to studies written in English. Literature was drawn from both economic (i.e. Econlit and JStore) and general academic databases (i.e. Pubmed and Science Direct) and the grey literature. The search terms, applied to various boolean operators, are summarised in Table 1 .
The literature search was undertaken between July and October 2013. In addition to the keyword searches, references of identified papers were examined to find additional studies, and Google search was used to find non-published reports. The original search identified about 45 studies on interventions related to RMNCH out of which a total of 36 studies were finally selected, following the exclusion criteria mentioned above. This list was discussed with three RMNCH experts to assess whether key studies from the literature were missing. No additional studies were suggested for inclusion. The lead author read all the identified papers in full, while the two co-authors read a selection of papers each. The three authors built an abstraction template, which was subsequently used to produce Supplementary Table A .1 (see Supplementary web appendix). The data extracted from the reviewed papers include: author/year, methods, intervention, outcome, benefits, costs and benefit-cost ratios. For methods, we aimed at obtaining information on the study objective, study setting and design, sample and data, sensitivity analysis and key assumptions in regard to coverage and choice of discount rates.
In extracting information on study setting, we identified the region/country as well as the urban-rural location, if relevant. We categorized the study design as randomized control trials (RCT), simulation based studies, observational and quasi-experimental studies. We classified the sample population, according to the key RMNCH population categories, such as women of reproductive age, pregnant women, neo-nates and children under five. For data, we examined the source of data for the key assumptions, as specified by the study (i.e. some simulation studies state that they draw on existing literature or estimates from UN Agencies). Consistent with the standard practice in this literature, we also extracted basic information on intervention, coverage and discount rate (B€ arnighausen et al. 2011) , and also examined whether the studies conducted a sensitivity analysis and the key parameters used for these purposes. After a preliminary assessment of key studies, it was clear that there was no uniformity in the definition and reporting of which costs and benefits were included and very limited information was available on how these items were assessed (i.e. the pricing rules used). Therefore, in the template we aimed at describing the items included under benefits and costs, as reported by each study. Regarding extraction of information on costs and benefits, we did not follow any particular criterion. We have only reported the information that the studies have documented, which broadly covers direct costs like program costs or health system costs and in certain cases indirect cost like loss of productivity. Benefits broadly comprise reduction in mortality and morbidity, number of lives saved, increased earnings, increased productivity, intergenerational benefits, the value of time saved and cost-savings in health and education. The lack of uniformity in the information extracted reflects the methodological limitations of the literature, which are discussed in more detail below.
Since ours is a scoping review, several limitations apply. First, we did not undertake a formal assessment of the quality of the studies. However, we have examined in detail the methods used to estimate costs and benefits. As discussed below, this analysis reveals that overall the quality of the available evidence seems to be rather low. Second, our search might have missed studies not included in academic databases and not easily available on the internet. If studies with negative economic returns tend to have negative publication bias, this could in turn affect our results.
Results and Discussion
In line with the objectives of this review, our findings and discussion are examined according to two broad themes, that is, the economic returns as measured by the BCRs and the methodological issues raised by the reviewed studies. Table 2 , draws on the abstraction template provided in the Supplementary Appendix to provide a summary of the reviewed studies. It can be seen that large BCRs have been estimated for RMNCH investments, particularly with respect to family planning and nutrition interventions. However, due to differences in methodologies, caution needs to be exercised when comparing results from different studies.
Benefit-Cost Ratios (BCRs)

Results
In this section we provide a snapshot of the magnitude of the economic returns by reporting the BCR from RMNCH interventions, as illustrated in Table 2 . In general, simulation-based exercises for the Asia-Pacific region and Africa show high economic returns of investing in a priority package of maternal, newborn and child health interventions (Foster et al. 2012; Sheehan et al. 2012) . Under different sets of assumptions, alternative packages led to BCR ranging from $14 to $30 per dollar invested. Recent simulations (Stenberg et al. 2014) for 74 countdown countries show more modest estimates even though the economic returns are still high -(at 3% discount rate) $8.7 per dollar of investment by 2035 reaching $38.7 in 2050. Moreover, rates of return from each dollar spent are higher in lower-middle income countries ($11.3) and low income countries ($7.2) as opposed to upper-middle income countries (excluding China) ($6.1). We classify the interventions by their position on the RMNCH continuum of care (PMNCH 2011) .
Reproductive Health
Seven studies report BCRs for interventions related to reproductive health and pregnancy-related care, with results ranging from $0.39 to $150 (Bollinger 2011; Kennedy et al. 2013; Kohler 2012; Mills and Shillcut 2004, Onwujekwe et al. 2013; Peffer et al. 2002; USAID Health Policy Initiative 2009 ). The results imply benefits obtained from each dollar spent on the relevant interventions range from $0.39 to $150. Studies focused on Sexually Transmitted Infections (STIs) and Prevention of Mother-to-Child Transmission (PMTCT) of HIV, in various settings within sub-Saharan Africa (SSA), report BCRs varying between $0.39 and $146 (Bollinger 2011; Mills and Shillcut 2004; Peffer et al. 2002) . Such wide variation in BCR is also noted for the family planning interventions, with BCRs ranging between $9 and $150, but across more diverse settings, extending from the Solomon Islands and Vanuatu, to Thailand and SSA (Kennedy et al. 2013; Kohler 2012; Onwujekwe et al. 2013 ; USAID Health Policy Initiative 2009).
Pregnancy and Childbirth
Less variation is found for Malaria prevention and management (Jamison et al. 2008 (Jamison et al. , 2012 Mills and Shillcut 2004; Rajkumar et al. 2012) , with a relatively uniform pattern of benefits ranging from $12-$35. Some of the highest returns are reported for nutritional interventions of pregnant mothers (Behrman et al. 2004 , Casey et al. 2011 Rajkumar et al. 2012; Sayed et al. 2008) , with BCRs ranging from as low as $6.70 for iron and folic acid supplements and deworming during pregnancy in Thailand (Casey et al. 2011) to as high as $520 for iodine supplements for woman of childbearing age in low income countries of Asia and Africa (Behrman et al. 2004) and $648 for deworming pregnant women in Ethiopia (Rajkumar et al. 2012) . A package of interventions addressing low birth weight (LBW) in low income countries, particularly in South Asia, is estimated to provide BCRs in the range of $0.58-$35 (Behrman et al. 2004) , while a package of interventions addressing stunting in high only $11.70C only $11.00 Hutton (2008) burden countries was estimated to have BCRs ranging from $3.5 in the Democratic Republic of Congo to $139 in India (Hoddinott et al. 2012 (Hoddinott et al. , 2013 , depending upon various assumptions. The package of interventions to combat LBW includes treatments for women with asymptomatic bacterial Infections, treatment for women with presumptive STD and drugs for pregnant women with a poor obstetric history (Behrman et al. 2004 ). Only two studies report returns from the management of child birth related complications such as obstructed labour (Alkire et al. 2012; Jamison et al. 2012 ) and give divergent estimates across various settings, ranging from $0.60 in Zimbabwe to $69.90 in Gabon (Alkire et al. 2012) .
Newborn, Infancy and Childhood
A majority of studies provided BCRs for interventions addressing care for infants and children, relating mostly to nutrition (Behrman et al. 2004; Hoddinott et al. 2012 Hoddinott et al. , 2013 Horton et al. 2008 Horton et al. , 2009 Horton et al. , 2011 Rajkumar et al. 2012; Sharieff et al. 2006) Horton et al. 2009) . Therapeutic use of zinc shows benefits varying between less than $6 and $14 (Horton et al. 2009 ) with the preventive use of zinc reporting benefits of $2.85 in the only recent study (Rajkumar et al. 2012) . Micronutrient fortification is found to be very cost beneficial, with the BCRs of home fortification, such as 'sprinkles', amounting to $37 in Pakistan (Sharieff et al. 2006 ) and salt fortified with iron standing at $81 in Ethiopia (Rajkumar et al. 2012 ). The economic returns from interventions related to disease prevention and treatment in children are considerable. Based on a randomized control trial in Kenya, deworming of school age children was found to return a very high BCR of $60 (Miguel and Kremer 2004) . Water, Sanitation and Hygiene (WASH) related interventions effectively addressing diarrhoea were associated with moderately high BCRs, ranging from $2.70 to $47 (Hutton 2008; Jeuland and Whittington 2009; Rijsberman and Zwane 2012; Whittington et al. 2008) , while insecticide treated bed nets for children has been found to have a BCR of $10 (Mills and Shillcut 2004) . Similarly, high returns have been reported from childhood immunisation packages, with benefits standing at $20 in SSA (Jamison et al. 2012) . Consistent with the high cost of providing food, relatively lower BCR has been reported for addressing severe acute malnutrition, standing at approximately $2.04 in Ethiopia (Rajkumar et al. 2012 ).
Discussion
The results on benefits per dollar invested summarized above indicate that large economic returns can be achieved by investing in RMNCH. Across the board there is strong evidence of high economic returns to early life investments. Large BCRs have been estimated for early-life investments, particularly with respect to family planning and nutrition related interventions. In fact, some of the most robust measurements of the economic returns of early-life interventions relate to the nutrition of mothers and children, which have been found to show large benefits for each dollar invested across different settings and methodologies. Impressive economic returns can also be expected from deworming programs -the most notable example being provided by the studies on deworming of the school age children in Kenya (Baird et al. 2012; Miguel and Kremer 2004) . Simulation-based exercises for the Asia-Pacific region and Africa also show high economic returns of investing in a priority package of maternal, newborn and child health interventions. Even though particular caution needs to be exercised when intending to use simulated estimates, which are extremely sensitive to the choice of parameters and assumptions, including those related to the macro-economic environment, it is reassuring that positive BCRs have been consistently reported with respect to the simulated studies as well as more robust studies such as the one by Baird et al. (2012) .
However, our findings reveal two important limitations in this literature that should be addressed in future studies. First, the majority of the reviewed papers were concentrated in SSA, with only a few studies in the most populous region of the world, Asia-Pacific, which still suffers from a considerable burden of RMNCH mortality and morbidity. Additionally, estimates of BCRs have largely targeted preventive interventions, generally provided through routine schedulable care, so very little evidence exists on the BCRs for curative care. Economic evaluations of other several essential RMNCH interventions, such as calcium supplementation to pregnant women or Kangaroo Mother Care, are also yet to be conducted.
Methodological issues
In this section we identify some of the specific methodological challenges faced by researchers in estimating the BCRs. Our review builds on several Copenhagen Consensus Challenge Papers (Behrman et al. 2004; Horton et al. 2008; Kohler 2012) , which provide useful discussions on some key issues related to the methodology of CBA in specific RMNCH domains. We report findings in regards to methodological issues along the following lines: measurement of benefits; measurement of costs, choice of discount rates; and source for key parameter data and sensitivity analysis.
Results
Measurement of benefits
The two studies on deworming of school children in Kenya (Baird et al. 2012; Miguel and Kremer 2004) , based on randomized control trial have estimated positive externalities occurring from the treatment. Benefits included not only health gains such as improvements in self-reported health, but also direct economic outcomes such as increases in mean hours worked (by 12% in the treatment group and 20% among out-of-school wage workers) and school enrolment (by 0.3 years in the treatment group); improved standards of living through increased number of meals eaten; shifts to cash crops, and tripled employment in the manufacturing sector (Baird et al. 2012) .
In the simulated studies on RMNCH packages, benefits are generally estimated as lives saved and morbidity averted (Foster et al. 2012; Sheehan et al. 2012; Stenberg et al. 2014) or as the 'demographic dividend' from reducing unwanted pregnancies (Stenberg et al. 2014) . Similarly, benefits from nutrition-based interventions, for example, are often confined to only three main categories: averted mortality (Behrman et al. 2004; Horton et al. 2008 Horton et al. , 2009 Rajkumar et al. 2012; Sayed et al. 2008 , Sharieff et al. 2006 ; the direct gain in productivity (Behrman et al. 2004; Horton et al. 2011; Rajkumar et al. 2012) ; or the indirect gain in productivity through increased cognitive ability (Behrman et al. 2004; Casey et al. 2011; Horton and Ross 2003; Rajkumar et al. 2012; Sharieff et al. 2006) . Additionally, Behrman and colleagues (Behrman et al. 2004 ) considered a broader range of benefits coming from averted cost of illness and cross-generational impacts.
Regarding family planning interventions, to date, studies have been able to capture a range of benefits including: mortality effects on mothers and children and the impact on per capita income growth through reduced fertility (Kohler 2012) ; public sector savings in health and education (Kennedy et al. 2013) ; or the reduced cost of meeting the MDG targets by reducing the size of the target population (USAID Health Policy Initiative 2009).
In the AIDS, Malaria and vaccination literatures, benefits have been measured in terms of reduced mortality (Bollinger 2011; Jamison et al. 2008 Jamison et al. , 2012 Jha et al. 2012; Mills and Shillcut 2004; Peffer et al. 2002,) ; reduced treatment cost and saving of medical expenditure (Bollinger 2011; Bishai and Mercer 2001; Limcangco et al. 2001; Resch et al. 2011) ; averted orphan care cost (Resch et al. 2011) ; or gains in labour productivity (Bishai and Mercer 2001; Limcangco et al. 2001; Resch et al. 2011) .
Studies that seek to measure the benefits of WASH interventions (Hutton 2008; Rijsberman and Zwane 2012; Jeuland and Whittington 2009; Whittington et al. 2008 ) mostly report the economic value of the time savings, and the monetary benefits of deaths averted.
Measurements of costs
A majority of the reviewed studies included program costs (Behrman et al. 2004; Casey et al. 2011; Kohler 2012; Hoddinott et al. 2012 Hoddinott et al. , 2013 Horton and Ross 2003 , Horton et al. 2008 Rajkumar et al. 2012; Resch et al. 2011 ) focusing on financial/budgetary aspects of costs (e.g. administrative salaries). A few studies (Bishai and Mercer 2001; Casey et al. 2011; Kennedy et al. 2013; Limcangco et al. 2001; Ortega et al. 2009; Peffer et al. 2002 ) adopt a social perspective in estimating costs. Studies which use simulated data (Foster et al. 2012; Hutton 2008; Jeuland and Whittington 2009; Rijsberman and Zwane 2012; Sheehan et al. 2012; Stenberg et al. 2014; Whittington et al. 2008 ) estimate costs at global/regional levels based on published data, to be derived from different studies in disparate settings.
Discount Rate
As reported in Supplementary Table A .1, some studies do not use any discount rate (Barham 2011; Resch et al. 2011 ) and some use a single discount rate only (Alkire et al. 2012; Bishai and Mercer 2001; Ortega et al. 2009; Peffer et al. 2002; Sharieff et al. 2006 ). Additionally, while some studies mention that their results are not sensitive to the choice of discount rates (Resch et al. 2011) or that they are producing conservative estimates (Barham 2011) , some provide no clear explanation in regards to their choice of discount rates (Peffer et al. 2002; Sayed et al. 2008 ; USAID Health Policy Initiative 2009).
Source Data for key parameters and sensitivity analysis
The majority of the reviewed studies are simulation based (Bishai and Mercer 2001; Bollinger 2011; Foster et al. 2012; Hoddinott et al. 2012 Hoddinott et al. , 2013 Horton and Ross 2003; Horton et al. 2008 Horton et al. , 2009 Horton et al. , 2011 Hutton 2008; Jamison et al. 2012; Jeuland and Whittington 2009; Jha et al. 2012; Mills and Shillcut 2004; Rijsberman and Zwane 2012; Sheehan et al. 2012; Stenberg et al. 2014; Whittington et al. 2008) . A few of the results of the reviewed studies are derived from experimental (Baird et al. 2012, Miguel and Kremer 2004) , observational (Casey et al. 2011; Kennedy et al. 2013) , cohort (Alkire et al. 2012; Limcangco et al. 2001; Ortega et al. 2009; Peffer et al. 2002; Resch et al. 2011) , or cross sectional data (Onwujekwe et al. 2013; Sayed et al. 2008) or quasi-experimental studies (Barham 2011) . This limitation is exacerbated by the fact that some studies do not conduct any sensitivity analysis (Casey et al. 2011; Horton et al. 2011; Sayed et al. 2008 ) and in cases where such analyses are reported, many fail to identify the parameters used or fail to explicitly state the reasons for the specified uncertainty ranges (Ortega et al. 2009 ).
Discussion
The estimated BCRs fluctuate considerably across settings as structures and associated costs of disease patterns, social behaviours and health systems vary. Yet, greater sources of variation most likely stem from the methodological approaches undertaken by different researchers. The techniques adopted by different studies vary substantially and, as noted earlier, the literature lacks transparent and rigorous reporting on methods and key assumptions used, such as the valuation criteria for costs and benefits. These problems render the assessment and comparability of BCR estimates an almost impossible task.
Narrowly defined benefits
Most of the reviewed studies adopt a confined approach to measure benefits, which is a major methodological issue affecting this literature. Often the availability of data and ease of data collection has influenced the valuation of benefits. Rarely are rich experimental data-based studies reported in the literature, with the exception of a deworming study in Kenya (Baird et al. 2012; Miguel and Kremer 2004) . In these studies, the benefit calculations are based on a range of social outcomes, with efforts undertaken to include externalities such as improvements in standards of living for the neighbours of those receiving treatment, to capture the full impact of subsidising deworming treatments. In the reviewed studies under consideration, in most cases, only private benefits can be gauged, leaving broader societal gains unmeasured. colleagues (2004) Behrman et al. 2004 attempted to include broader societal gains such as cross generational effects of an intervention in their estimates of benefits. However, they admit their inability to present separate estimates of private and social BCR. Without estimating all the associated costs and benefits, irrespective of who wins (i.e. who bears additional benefits) and who loses (i.e. who bears additional costs), the study will not be able to assess if the proposed intervention is an efficient use of resources (i.e. the sum of all benefits is higher than the total costs) (Campbell and Brown 2003) .
Often the benefits of an intervention will be complex and multidimensional. For example, the benefits of large scale family planning encompass issues related to climate change, environmental sustainability and political stability in addition to its life cycle, intergenerational and distributional effects (Kohler 2012) . To date, studies have been able to capture only a narrow range of benefits, and most often exclude externalities associated with health system strengthening, even though the associated costs might have been included. These concerns and other complex issues, including how to value welfare of an individual who may not be born as a result of the intervention -a question on which no consensus exists to date (Kohler 2012 ) -renders empirical evaluation of benefits a huge challenge. Similar concerns pervade the AIDS, Malaria and vaccination literatures, where benefits have been measured narrowly. Broader macroeconomic impacts of these diseases are not measured, including important community externalities, such as 'herd effects' in the case of vaccination. Often a dynamic model is needed to capture such effects, relaxing assumptions such as a constant infection rate (B€ arnighausen et al. 2011) , which no study has yet been able to capture. Similarly, studies that seek to measure the benefits of WASH interventions (Hutton 2008; Jeuland and Whittington 2009; Rijsberman and Zwane 2012; Whittington et al. 2008 ) rarely report sound empirical evidence to quantify the economic value of time savings, and the monetary benefits of deaths averted, often relying on extrapolations based on limited experimental data. These challenges have a considerable effect on the reliability of the estimates. Moreover, often benefits are prevalence-based (Bishai and Mercer 2001; Limcangco et al. 2001; Ortega et al. 2009; Sayed et al. 2008) rather than incidence-based (Baird et al. 2012; Behrman et al. 2004; Horton et al. 2008; Miguel and Kremer 2004) . The latter approach takes account of downstream benefits of an intervention instead of just relying on cost savings, and hence, such results are more reliable (Horton et al. 2008) .
It should however be acknowledged that expressing the economic impact of an intervention in monetary terms is a challenging task. The challenge is typically illustrated by the vexing problem of assigning value to averted mortality (Behrman et al. 2004) . A number of approaches have been used, with the dominant one being the 'Human Capital Approach' (Bishai and Mercer 2001; Casey et al. 2011; Foster et al. 2012; Horton and Ross 2003; Horton et al. 2011; Sheehan et al. 2012; Rajkumar et al. 2012; Sharieff et al. 2006) ; followed by the revealed preference approach of looking at wage-risk trade-offs (Barham 2011) ; the stated preferences (contingent valuation) approach of utilising willingness-to-pay (Onwujekwe et al. 2013) ; and using resource costs of the most effective alternative means of postponing mortality (Behrman et al. 2004) . Several Copenhagen Challenge Papers converted incremental cost-effectiveness ratios to BCRs by selecting statistical valuations of a life (Jamison et al. 2012; Jha et al. 2012; Mills and Shillcut 2004) . Researchers hardly reach consensus on what the best approach is and ethical issues remain contentious. This is so complex that Hoddinot and colleagues (Hoddinott et al. 2012; 2013) avoided estimating the monetary benefit of lives saved, relying instead on valuing the benefits of reduced stunting through its direct effect on permanent consumption, despite leading to a substantial underestimation of measured benefits.
A related issue is weighting -what should be the value of a year of life at different ages (Horton et al. 2008) . Some authors adopt the practice of not weighting Disability-Adjusted Life Years (DALYs) differentially (Jamison et al. 2012) , while others employ ageweighting (Alkire et al. 2012) . Similar questions arise when conducting cross-country analysis and one must value life across high and low income countries. The key issue is whether or not to assume that the value of a statistical life and a DALY varies with the level of income. The Copenhagen Consensus 2012 (CC12) Challenge Papers used DALYS valued at $1,000 per year for low income countries (Kohler 2012; Jamison et al. 2012) , to assure consistency with regard to critical assumptions which accept the 'rule of thumb' value that health investments are good value if the cost is less than three times per capita GDP (Mills and Shillcut 2004) . A valuable critique of various aspects of this approach to valuing is provided in Canning (2009) who asserts the validity of these critical assumptions remains an open question.
Narrowly defined costs
Regarding the measurement of costs, very few studies adopt a societal perspective in measuring costs, with the most common reason cited being a lack of adequate data. With a few exceptions (Bishai and Mercer 2001; Casey et al. 2011; Kennedy et al. 2013; Limcangco et al. 2001; Ortega et al. 2009; Peffer et al. 2002) , the majority of studies do not specify clearly which perspective has been taken. In cases where a broader perspective are claimed, often the actual analysis does not include important private costs (e.g. out-ofpocket expenditure) (Bishai and Mercer, 2001) or social costs (e.g. environmental impact) (Bishai and Mercer 2001, Limcangco et al. 2001) , quite often ignoring opportunity costs (e.g. time and travel cost of patient and care giver) or excluding costs of raising funds for governmental programs, and including transfers in cases that do not reflect the true resource cost to the society (Hoddinott et al. 2013) .
For the studies that take a program cost approach, the delivery mechanism is extremely important. For example, the BCR for deworming pregnant women in Ethiopia is high ($648) due to the cost of supplying deworming drugs when treated as a stand-alone program, whereas being part of an outreach program would entail zero marginal distribution cost resulting in an even higher BCR (Rajkumar et al. 2012) . However, the assumptions regarding the delivery mechanism are not always stated explicitly, especially in the simulation-based studies, and delivery costs are sometimes assumed constant. Market delivered interventions such as fortification tend to have lower unit costs than supplementation since costs such as those of distribution, ensuring adherence to recommended frequency intake or screening the population should be included in the latter (Horton et al. 2008) . Careful consideration of these issues is necessary for measuring costs and yet has rarely been done.
Analogous to benefits, some costs are difficult to quantify and often not incorporated. For example, estimating the costs associated with health system strengthening across multiple settings is often challenging (Kohler 2012; Mills and Shillcut 2004) . Health system costs are highly idiosyncratic and difficult to standardise across countries, which poses considerable challenges to multi-country studies. Additionally, cultural differences, such as women's autonomy in contraceptive decision making vary greatly and will have an impact on the recommended policies and the associated costs required to bring about the required behavioural changes.
Costs often do not reflect changes in inflation leading to underestimation (Kohler 2012; Sheehan et al. 2012) . Conversely, typically in the evaluation of vaccinations, costings do not account for savings that can occur when vaccines are combined and delivered in a single vial, and hence tend to overstate costs (B€ arnighausen et al. 2011). Moreover, it is frequently not clear whether the costs measured are average costs, marginal costs or incremental costs.
The aggregation of costs is also a major issue. Several studies on WASH interventions have ventured to estimate costs based on data, reported in a recent review (DFID 2013), to be derived from a limited number of studies in disparate settings based on the authors' assumptions rather than a systematic estimate of the mean cost or a measure of certainty. Moreover, most studies do not have adequate data on useful lifetime or annual operations and maintenance costs, with limited scope to account for differences in regional costs. Often studies lack transparent descriptions of how costs are used to generate point estimates, and any efforts to assess the quality of the underlying methods of collecting cost data are generally absent.
Estimates of both costs and benefits will be sensitive to the scale and coverage of interventions (Kohler 2012 ). Yet, assumptions on coverage and scale are often not explicitly stated. Coverage is especially important for the measurement of costs -primarily because the marginal cost generally increases with coverage (Behrman et al. 2004; Horton et al. 2009; Rajkumar et al. 2012) . In other contexts, coverage may be a lesser concern, as with interventions like doubly fortified salt, where coverage mattered only for the last 10% of the population . The cost-coverage interaction is sensitive to the type of intervention. For example, vaccination interventions have a high set up cost but marginal cost declines with increased coverage at least initially; while interventions like educational campaigns for condom use can be affordably targeted to urban population but cost increases as relatively inaccessible rural areas are covered. Unfortunately, some of the reviewed studies do not make any explicit reference to coverage and fail to discuss the implication of various coverage levels for the BCRs (Sayed et al. 2008 ).
Discount rate
A critical issue in CBA is the choice of an appropriate discount rate, which can make substantial differences to the results, particularly for investments for which there exist considerable time lags (Behrman et al. 2004) . Unfortunately the literature is fraught with disagreement among researchers regarding an appropriate discount rate, although discount rates of 3-10% are common in the social sciences (Kohler 2012) . Other issues also arise such as using different discount rates for interventions which avert death as compared to those which improves future productivity, since in the former case benefits are realised immediately while in the latter they accrue with a lag (Horton et al. 2008) . The reviewed studies do not always pay adequate attention to these issues. The main concern is not that some report BCRs which are undiscounted (Barham 2011; Resch et al. 2011) or use a single discount rate only (Alkire et al. 2012; Bishai and Mercer 2001; Ortega et al. 2009; Peffer et al. 2002; Sharieff et al. 2006 ) -although such approaches remain bad practice -but that quite often they do not justify the selection of a particular discount rate. This remains a major limitation of the reviewed literature.
Lack of experimental data and weak sensitivity analysis
The use of simulated data raises the possibility that many of the estimated BCRs are model-driven and cannot be replicated in real-life situations. This concern is compounded by the overall lack of experimental data available to estimate the wide range of benefits noted above. As widely noted in the medical literature and more recently in the economics literature, without such experimental data and robust study designs and statistical analysis, it is highly plausible that the produced estimates are subject to various sources of bias (Baird et al. 2012; Kohler 2012) .
In addition to the above set of problems, contrary to recommended practice (Drummond et al. 2015; Sharieff et al. 2006) , often critical information about the simulated data is not reported. Considerable ambiguity exists in discerning whether the effectiveness data come from systematic overviews, whether search strategy and exclusion/inclusion rules have been clearly specified or whether regional variations in costs, infrastructure or capacity have been accounted. The implications of potential biases are rarely mentioned. Horton and Ross (2003) are one exception and report that the productivity gains they have estimated rely on a few 'well controlled' studies and if the effects were only half as large as the benefits would be considerably lower. Results from simulation-based studies are also bounded by restrictive study assumptions such as the chosen time horizon and 'disability multiplier' (Foster et al. 2012 ). The latter uses mortality parameters to model the number of surviving persons with disability. For example, drawing on the maternal health literature to assume that for each woman who dies of obstructed labour, as many as 20-30 will suffer an obstetric fistula (Foster et al. 2012) .
The problems associated with the lack of reliable data and use of restrictive assumptions can be partially addressed through sensitivity analysis. On occasion, studies do not conduct any sensitivity analysis at all (Sayed et al. 2008; Horton et al. 2011; Casey et al. 2011) . In cases where such analyses are reported, many fail to identify the parameters used in their sensitivity analyses and often do not explicitly state the assumptions on specified uncertainty ranges (Ortega et al. 2009 ). While variations in these parameters are often assessed, concerns remain over whether these specifications accurately reflect the reality in low and middle income countries (Horton et al. 2008; Jamison et al. 2012) .
This literature might have more fundamental flaws in the sense that even if studies report sensitivity analysis in full (Behrman et al. 2004; Jeuland and Whittington 2009; Sharieff et al. 2006) one would get such a wide range of estimates that a policymaker would be left with little solid information about the real BCR. For example, Jeuland and Whittington (2009) report BCRs ranging from $0.40 to $7.67 for school based cholera vaccination in developing countries.
Conclusion
The complexity and variety of RMNCH related interventions pose substantial challenges to the assessment of the associated economic returns. These interventions involve cross-sector collaborations and provide large, often intangible, non-health benefits. The scarcity of rich experimental data, restrictive study assumptions and a lack of consensus on the methodological approach limit the comparability of the various studies and has led to some uncertainty over the exact magnitude of the large reported BCRs. This suggests that one should take these ratios as indicative rather than definitive. Nonetheless, the policy implications of economic returns from investments in RMNCH should not be understated, with even the most conservative estimates of the benefits and costs yielding favourable BCRs across most settings.
Addressing the methodological limitations of the various studies remains the most pressing task for future research. However, the geographical imbalance of studies and the neglect of some critical RMNCH interventions should also be addressed. Further CBA of interventions in various settings across the developing world would increase the generalizability of the estimated BCRs. Additionally, economic evaluations of several essential RMNCH interventions which, have not been conducted yet would remain of much interest.
A growing literature demonstrates that the health events in early life can have considerable long term consequences for adult health, cognition, earnings and welfare. It is clear from this review that health interventions timed for this critical period pass the cost/benefit test. Consistency of methods is necessary, however, for comparability of results and to provide policymakers and development partners with the information required to prioritize their investments.
Guidelines for undertaking economic evaluation of health care interventions already exist in the form of a critical appraisal checklist for economic evaluation in general (Drummond et al. 2015) .
A first step to ensure consistency of methods would be to elaborate and gain consensus on such a checklist specific to CBA. This would require drawing on the existing general guidelines for economic evaluation in health, while incorporating CBA specific methodological issues, such as pricing rules for outputs and inputs under different market conditions. These guidelines along with increasing transparency in reporting study methods and the underlying assumptions will substantially contribute to improving the evidencebase for investments in RMCNH.
Supplementary data
Supplementary data are available at HEAPOL online
